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Abstract
Title: Effect of Goal-Setting and Visual Feedback on Rower Performance on a Rowing
Machine
Author: Taylor Donald Timmerman Hetherington
Advisor: Nicholas Weatherly, Ph.D., BCBA-D

In the sport of rowing, the rowing machine is often used as training tool for
exercise on land. This study seeks to assess how the commonly used rowing
machine in the sport of rowing be used in the best way to mimic on-water visual
stimuli in relation to performance (speed) for the rower. Twenty adolescent women
from a youth rowing club in the Southeast, USA participated in a study meant to
determine how the pace boat feature on Concept2 rowing machines affects their
performance. Using a multiple baseline across-groups treatment design,
participants were divided into two groups based on the amount of experience with
using a Concept2 rowing machine. During the baseline condition, participants
received performance feedback textually from the rowing machine’s display
screen. The treatment condition provided athletes with visual performance
feedback on the rowing machine’s display screen. The results highlighted how
participant performance is affected by exclusive visual performance feedback as
opposed to the conventional textual performance feedback that is common when
using a rowing machine.
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Chapter 1
Introduction
The U.S. Department of Health and Human Services recommends that
children participate in at least 30 min of physical activity and adults participate in
at least 60 min of physical activity each day for five days a week (HHS Office &
Council on Sports, 2017). Bass et al. (2009) assert that one benefit of physical
activity for adolescents includes the strengthening of bone density in the short- and
long-term. They measured current and retired gymnasts’ bone density levels with
some gymnasts having been retired for more than 20 years. Results showed that
both current and retired gymnasts had higher bone density than the control groups.
Duncan et. al. (2002) studied adolescent females in different sports to determine
the effect of varying exercise patterns with bone density levels. The results from
their study showed that participants in load-bearing sports had higher bone density
levels than participants of other sports and the control group.
Applied behavior analysis (ABA) has impacted areas of health and fitness
in ways that can help meet the time recommendations from the U.S. Department of
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Health and Human Services, as well as shape the intensity and accuracy of the
exercise. Some of the first applications of ABA in health and fitness focused on
participant weight as the dependent variable (Normand, Dallery, & Ong, 2015).
Valbuena, Miltenberger, and Solley (2015) demonstrated how the use of a Fitbit®
to self-monitor physical activity, combined with interacting with fitness coaches,
impacted weight loss rates of participants; the participants who practiced selfmonitoring of step counts and interacted with a fitness coach increased the amount
of steps they took and lost more weight than participants who did not. Other studies
have extended fitness metrics to include diet, exercise, and variables in the person’s
environment. The Food Dudes Program from Tapper, Horne, and Lowe (2003)
successfully increased fruit and vegetable consumption of young students in
schools through peer modeling and reinforcement-based intervention. Brown et al.
(2013) and Brown et al. (2009) developed the Observational System for Recording
Physical Activity in Children-Preschool Version (OSRAC-P) that codes varying
levels of physical intensity as well as a variety of environmental events that affect
physical activity behaviors. Wysocki, Hall, Iwata, and Riordan (1979) used
contingency contracting to increase exercise behaviors in college students over 10
weeks. From these studies, it is evident that ABA can be applied for the benefit and
improvement of health and fitness. Manitoba (2004) makes an important point
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about the expectations for how much improvement can be expected from
individuals, especially to levels of physical fitness. While physical fitness is
expected to improve over time as a person engages in continued training and
conditioning, the Principle of Diminished Return, as described by Manitoba,
suggests that the rate of physical fitness improvement will decline as the person
reaches their physiological potential and the potential of their training plan. This
implies that efforts to improve athletic performance of athletes with a higher level
of physical fitness or towards the end of their training cycle will be more difficult
than attempting the same with lesser-trained athletes or athletes in the beginning of
their training cycle. Manitoba also discusses the Principle of Individuality that
explains how, irrespective of the training plan being used, the individuals engaged
in that training plan will perform at various levels because of physiological
differences. When evaluating performance trends of athletes over time, these
principles help put the data into perspective.
In developing an applied behavior-analytic (ABA) intervention, it is
important to remain in-line with the seven dimensions of ABA from Baer, Wolf,
and Risley (1968) and, as extended to coaching performance, the characteristics for
effective behavioral coaching from Martin and Hrycaiko (1983). The seven
dimensions of ABA are: (a) applied, (b) analytic, (c) behavioral, (d) technological,
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(e) conceptually systematic, (f) effective, and (g) generality. ‘Applied’ refers to
choosing behavioral problems that are socially significant, ‘Analytic’ refers to
needing to demonstrate experimental control in the experiment. ‘Behavioral’ refers
to choosing a behavior to target that is measurable. ‘Technological’ refers to
describing the behavioral intervention in a way that allows for replication by other
experimenters. ‘Conceptually systematic’ refers to deriving behavioral
interventions from the basic principles of ABA. ‘Effective’ refers to the ultimate
production of socially significant results from experimenting. ‘Generality’ refers to
the ability of experiment results to spread to a different environment than the one in
the experiment. The characteristics for effective behavioral coaching in this project
were developed from the seven dimensions of ABA as a way to employ behavior
analytic interventions in the field of sports to improve athlete performance. These
characteristics assert that: (a) target behaviors of athletes should be well defined
and measurable, (b) the chosen intervention to address the target behavior(s) must
arrange the athlete’s environment in the most effective way to facilitate the
athlete’s success, (c) the procedures used in the behavioral intervention should be
described in as much detail as possible, (d) all coaching efforts should be based in
empirical research, and (e) the scope of behavioral coaching must include the
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behaviors of the coach in addition to the athlete (Martin & Hrycaiko, 1983). An
important addition to Martin and Hrycaiko’s characteristics of behavioral coaching
is the assertion that any behavioral intervention rooted in ABA must be sustainable
in application and with the results it produces (Conard, Johnson, Morrison, &
Ditzian, 2016). For this reason, the present study sought to utilize tools and
resources already in the experimental environment.
In addition to diet and exercise, one way that people of all ages can take
advantage of the benefits of physical fitness is through organized sports. Merkel
(2013) estimates there are 45 million children and adolescents participating in
group sports in the United States and that around three-quarters of families with
children have at least one child in a sports program. The U.S. Bureau of Labor
Statistics states that 25.9 percent of people between the ages of 15 and 24 years old
engage in organized sports on any given day (Woods, 2017). The value of exercise
can extend beyond physical fitness. Findlay and Coplan (2008) conducted a study
with 355 elementary schoolchildren that resulted in an increase in self-reported
positive social skills and self-esteem, as well as a decrease in self-reported anxiety
when the participants were introduced to organized sports. One year later, 56% of
the participants were still in organized sports and reporting similar results. In a
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review of organized sports for youth, from a developmental perspective, Brady
(2004) emphasizes how important organized sports are for youth and warns against
possible burn out from deciding to specialize in one sport or activity too early in
childhood. Brady also encourages coaches to individualize instruction to young
athletes, including performance feedback and goals. The Committee on Sports
Medicine and Fitness, & Committee on School Health (2001) assert that organized
sports are one of the best environments youth are exposed to rules designed
specifically to protect their health and wellbeing. Overseeing organizations in
specific sports often have rules and recommendations that protect the athletes
engaged in their sport. For example, there are many rules limiting or prohibiting
dangerous movements and maneuvers in sports (i.e., body-checking, head-first
sliding, etc.). Other rules designed to protect athletes include limitations on the
amount of play time, the size of the playing field, distance of competition, and
weight classes, to name a few. Because sport settings are naturally interactive and
social, being involved in sports is an ideal way for youth to develop emotionally as
well as physically (Danish, Forneris, Hodge, & Heke, 2004).

Rowing
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One organized sport with numerous health benefits is rowing. The
community of rowing is vast, including teams for middle school athletes to adults
of all ages and skill levels. USRowing, the nonprofit organization recognized by
the United States Olympic Committee as the national governing body for the sport
of rowing in the USA, reports a Junior and Scholastic (youth) membership of over
40,000 athletes, with increased growth each year. The major rowing races
(regattas) in the USA are facilitated by USRowing and follow the rules and
guidelines set forth by the organization. One of the many rules from USRowing
pertains to the classification of athletes; novice and varsity. According to
USRowing, an athlete is considered a novice up until 12 months after their first
rowing competition; after that, the participant is considered varsity. The
classification of novice and varsity are only relevant in junior (youth) and collegiate
rowing. These distinctions dictate who may compete against who at competitions
(USRowing, 2016). Participating in rowing provides an opportunity for individuals
to meet and exceed the recommended 30 and 60 minutes of exercise for children
and adults respectively from the U.S. Department of Health and Human Services.
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The physical health benefits associated with the sport of rowing include improved
bone density, overall body strength and aerobic fitness (Silver & Morin, 2008).
In 2004, Martin, Thompson and Regehr conducted a literature review of
single-subject designs in sports spanning 30 years. The first study to implement
behavioral interventions in a sport setting was conducted by Rushall and Siedentop
(1972). Rushall and Siedentop created a model for behavioral practitioners to
follow to improve the performance of athletes. The model had many objectives,
one of them being the generalization of skills learned in practice to competition
settings. In 1974, McKenzie and Rushall were among the first to publish a study in
sports that used a single-subject design to improve swimmers’ attendance at
practice and the amount of work completed by the athletes at practice (McKenzie &
Rushall, 1974). Dickinson followed in 1977 with a Skinnerian perspective on the
contingencies that encourage or discourage the participation of people in sports
(Dickinson, 1977). Additional experiments from the 1970s and 1980s included
research on the feedback practices of little league coaches to their athletes
(McKenzie & King, 1982), one study including pre- and post-intervention data on
performance (Martin, LePage, & Koop, 1983), and many other single-subject
design experiments (Allison & Ayllon, 1980; Koop & Martin, 1983). The
expansion of single-subject designs in sports in the 1970s and 1980s provided a
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foundation of ABA in sports to warrant the creation of new journals. These new
journals, the Journal of Sport Behavior, Journal of Sport Psychology, and Journal
of Applied Sport Psychology all provide a dedicated space for behavioral research
in sports to be published. The impact of behavioral interventions in sports has been
extended to the sport of rowing in recent years. Schaffert and Mattes (2016) used
real-time acoustic feedback on speed and technique to improve rowing
performance. Anderson and Campbell (2015) used the combination of real-time
self-observation video feedback and a display of pre-recorded video of experts
using a rowing machine to teach the movements of the rowing stroke to novice
participants. Geelan et al. (2016) used “exergaming”, combining exercise
equipment with game-like technology, to address burnout of participants using a
rowing machine. The study’s results showed participants were more likely to
remain on the exercise machine for longer, burn more calories, and report being
less bored when exergaming as opposed to using the exercise equipment in a
conventional manner. Staiano and Calvert (2011) credit exergaming, including
Concept2’s rowing machine, with increased motivation and energy expenditure
compared to conventional exercise.
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The rowing machine, such as the one used by Geelan et al. (2016), is a
common training tool in the sport of rowing. Though rowing is a water sport, much
of a rower’s training and conditioning is done on land. The rowing machine allows
rowers to train on land in a similar way to rowing on the water and is used by
athletes of other sports to cross-train. Lamb (1989) confirmed that the body
movements used on the rowing machine are similar to the body movements of a
rower in a boat on the water. The Concept2 rowing machine is equipped with a
damper that controls airflow into the flywheel of the machine. The amount of air in
the flywheel during use will determine the feel of the stroke but is not the same as
resistance. This allows users of the Concept2 rowing machine to match the feel of
the stroke on the machine with the feel of the stroke on the water. Concept2 rowing
machines are also equipped with a small screen that displays current and past user
performance information (Concept2, 2018). This type of individual performance
information is not easily available on the water in boats with more than one person.
Some of the information that can be displayed on the machine includes watts, split
per 500 m, calories burned per hour, strokes per minute, and a visual pace boat that
provides performance feedback of the athlete in comparison to a goal. The textual
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feedback and goal-setting capabilities of a rowing machine offer an array of
variables that can be used by both coach and athlete to benefit performance.

Goals and Feedback
The use of goals and feedback in and outside of sports settings have led to
significant improvements in performance across a range of performance targets and
are two of the most common interventions used in organizational behavior
management (Weatherly & Malott, 2008). Performance goals are provided to the
performer before engaging in an activity and serve as an antecedent to guide
performance. Performance feedback can be provided to the performer before
engaging in the activity, during an activity, or following the activity. Feedback
given before engaging in an activity would be based on performance from previous
data. (Johnson, Rocheleau, & Tilka, 2015). Stokes, Luiselli, Reed, and Fleming
(2010) showed how coaches of a high school football team increased the offensive
line’s blocking proficiency after implementing descriptive and video feedback
methods. Jones and Swain (1995) focused on how a goal-setting intervention could
benefit the performance of four elite basketball players during the first eight games
of their season. Following intervention, three of the four players showed
maintenance of the skills targeted by the goal-setting intervention. Anderson,
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Crowell, Doman, and Howard (1988) used goal-setting, praise from coach, and
public posting of individual athlete performance feedback to successfully increase
hockey player hit rate by 82% from baseline in the first year and 141% from
baseline in the second year. One literature review of studies including feedback in
organizational settings determined that performance feedback given at the end of
the day, week, or quarter, combined with goal setting was one of the least
successful forms of feedback applications (Alvero, Bucklin, & Austin, 2001). This
highlights the importance of not just providing feedback but providing it at the
appropriate time. The studies from Locke (1967, 1968); Locke & Bryan (1968,
1969: Locke, Cartledge, & Koeppel (1968) concluded that terminal feedback, and
any feedback that lacks goals, is not as effective in improving performance as
feedback combined with goal-setting. Stallings (1982) suggested that concurrent
feedback during motor-skills performance may impact performance by allowing the
performer to adjust their performance and experience real-time feedback on how
their adjustments affect their performance.

Pacing
Related to goal-setting and concurrent feedback, pacing has been shown to
be beneficial in optimizing athlete performance. Abbiss and Laursen (2008)
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describe pacing as performance during an exercise that is directed at reaching a
specific goal. Pacing is especially critical in endurance sports, like rowing, where
the athlete must continuously make decisions during training and competition about
when to exert the finite amount of energy available to them to reach their
performance goals (Smits et. al., 2014). For exercises longer than 2 minutes,
Abbiss and Laursen’s (2008) study suggests that a constant even pace be used for
optimal performance. The participants in the current study were instructed by their
coach to pace themselves as evenly as possible throughout the 5k exercise. Wilberg
and Pratt (1988) exemplify this theory in their comparison between elite cyclists at
a national competition who used even pacing strategies and those who did not; the
cyclists who paced themselves evenly were more successful overall. The Concept2
rowing machine allows users to pace themselves because the built-in display shows
the user’s real-time performance in a number of ways. With a given goal, users can
compare that goal with the performance information on the display screen. Konings
et. al. (2016) study determined that pacing has a beneficial impact on cyclist
performance over 4000 m. In Konings’ study, cyclists used an acycle ergom in a
lab setting. Cyclists engaged in a preliminary time trial (baseline) without pacing
then two additional time trials with pacing. The pacing in this study was facilitated
using virtual opponent cyclists projected on to a screen in front of the participant
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cyclists during pacing conditions. The pace of the virtual opponent was determined
by the participant cyclist’s performance during the baseline conditions; the virtual
opponent was set to a speed 1% faster than baseline performance. Use of a virtual
opponent more closely resembles conditions during competition which affects the
cyclist’s perception of outcome possibilities in the competition environment (Smits
et. al., 2014). Numerous studies have confirmed the beneficial impact that
opponents have on athlete performance (Bath et al., 2012; Corbett et al., 2012;
Hulleman et al., 2007; Jones et al., 2016; Konings et al., 2016c Lambrick et al.,
2013; Peveler and Green, 2010; Stone et al., 2012; Tomazini et al., 2015; Williams
et al., 2015a,b). Peveler and Green (2010) revealed how participants who do not
pace themselves appropriately at the beginning of an exercise perform at a suboptimal level for the remainder of the exercise. The pacing strategy for a given
exercise should be determined before engaging in the exercise, to improve the
likelihood of optimal pacing and optimal performance. Peveler and Green assert
that a pacing strategy based on the person’s previous performance engaging in that
exercise is most suitable. Corbett et al., (2012) studied the effect virtual opponents
with 11 non-elite male participants engaging in a 2k-m cycling exercise on a
Velotron cycle-ergom. Virtual opponents were projected onto a screen in front of
the participants while they engaged in the exercise. The pace of the virtual
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opponent for each participant was determined and set based on the respective
participant’s previous 2k-m performance, though participants were under the
impression that the pace of the virtual opponent was simply the performance of real
person. Results from this study showed that participants performance faster when
competing against a virtual opponent than when engaging in the 2k-m exercise
alone. Results also showed faster participant performance in the first 1k m of the
exercise when competing against a virtual opponent, compared to engaging in the
exercise alone. Cyclist performance in Koning’s study was measured for average
power output, cadence, and split times for each 250-m interval. Results for
Konings study showed that cyclist performance improved with the use of a virtual
opponent for pacing. In baseline and pacing conditions, cyclist performance was
fastest in the first 1000 m, slowest in the middle 2000 m, and then faster than the
middle 2000 m but slower than the first 1000 m in the last 1000 m of the 4000-m
time trial. In the pacing conditions, the same performance variability from baseline
maintained throughout the 4000-m time trial but the speed in the first 1000 m
improved significantly; performance for the remainder of the 4000 m remained
similar to baseline.
Like the sport of cycling, rowing can benefit greatly from pacing, as well as
the application of goal-setting and performance feedback. While many studies have
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evaluated performance with rowing machines and the delivery of feedback, these
studies focused on the teaching or improving of the rowing technique (movements
of the body during the rowing stroke) of participants. Furthermore, these studies
often involve apparatuses that require lab-like settings and are presumably quite
expensive with different sensors and technology needed (Geelan et al., 2016;
Konings et al., 2016). With the benefit of Concept2’s rowing machine’s built-in
display, coaches and athletes have real-time access to both textual and visual
displays of athletes’ performance feedback without the need for complex virtual
reality devices. Similar to how Geelan et al. (2016) and Konings et al. (2016) used
rowing machines and virtual environments to positively impact user performance,
this study used the built-in pace-boat feature of the Concept2 rowing machine to
expose participants to visual stimuli that more closely reflect the on-water
conditions during competitions and the hypothesized natural reinforcers thereof.
Therefore, the purpose of this study was to implement a performance improvement
intervention for rowers involving visual feedback that is in-line with ABA
principles, practical, and sustainable beyond the experimental conditions.

Chapter 2
Method
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Participants and Setting
Fifteen young women, between the ages of 13 and 18, participated in this
study. The participants were all members of a high school club rowing team in the
Southeast United States with varying amounts of experience (e.g., a few weeks to
over 4 years). The rowing team met five days a week, Tuesday through Saturday,
during the time of this study. Participants completed the 5k exercises in the late
afternoon outside the team’s boathouse in the natural elements but not in direct sun.
The data from participants who did not participate in at least 80% of opportunities
for data collection were not included in the study. With parental consent, all female
members of the team were eligible to participate.

Equipment and Materials
Participants used Model D rowing machines, made by the sports equipment
company Concept2. Each rowing machine was equipped with a screen that displays
and records participant performance (see Figure 1). The rowing machine’s on-
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board display screen has different settings that display various information about
the participant’s performance and status of the exercise (e.g., current speed,
average speed, distance rowed, time rowed). Because the independent variable of
the experiment involved the varying of these displays, dark tape was used to cover
the portions of the display screen that were not relevant to the respective phases of
the experiment.

Dependent Variable
The dependent variable was the participant’s performance on the rowing
machine during a 5000-m (5k) workout. The experiment defined participant
performance on the rowing machine as “speed”, which was based on an athlete’s
average pace (time) per 500 m during the entire 5k. Information on the participants’
performance for every 1k of the total 5k was also measured and automatically
calculated by the rowing machine’s on-board display screen. Measuring how well
participants did on each 1k portion of the total 5k provided the experimenters with
data on participant performance trends throughout the 5k exercise.

Data Collection
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Data from the on-board display screen were collected by two teammates,
coxswains, who, because of their role on the team, did not participate in the rowing
machine workouts. The coxswains were trained by the experimenter on proper data
collection procedures. The coxswains recorded performance data, independently
from one another, of all participants on data sheets made by the primary
investigator. After collection, coxswains immediately turned the sheets into the
experimenter (see Figure 3 for a sample data recording sheet).

Independent Variable
The baseline condition involved the participants using the rowing machine
display screen as it is normally used at the current site, with the following
information displayed on the screen: time/distance elapsed, strokes per minute,
500-m pace (current speed), average 500-m pace (average speed), split m (how
many m rowed in a certain segment of the exercise), and projected finish shown in
time and distance (see Figure 1). Splits are in terms of minutes, seconds, and
milliseconds (mm:ss.SS). The on-board display screen updates the displayed
current/average speed of the participant after every stroke on the machine. The first
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time the participants engaged in the 5k workout in the experiment they were not
given a goal but simply asked to complete the 5k as quickly as possible. Per
standard practice at this site, the participants’ goals for speed performance on all
subsequent 5k workouts were based on the participants’ fastest completion of the
5k workout to-date. During baseline, the participants were given their goal for
speed verbally by the experimenter or research assistant.
The intervention phase involved the use of visual feedback in relation to an
individualized goal in the form of a pace boat that was featured on the rowing
machine display screen (see Figure 2). During race conditions, rowers are unable to
see textual feedback, current pace, and other performance data. Thus, for the sake
of making this condition as close as possible to on-water and competition
conditions, the portion of the display screen that shows textual information on
speed and stroke rating was covered with dark tape. The pace boat display setting
shows two pictures of boats on the display screen. One boat, labeled “pace boat” by
the display screen, moves across the screen at the pace of choice. In this
experiment, the pace of a respective participant’s pace boat was set to the speed of
that participant’s best performance on the 5k to-date. The display screen shows the
set pace of the pace boat on the bottom of the display screen in text. The other pace
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boat, without a label, would move across the screen at the pace of the respective
participants’ speed throughout the 5k workout. The contrast between a participant’s
speed and the speed of their pace boat throughout the 5k was reflected by the
distance between the two boats on the screen. Much like on-water conditions where
boats row in and out of sight of rowers depending on comparative speed, the pace
boat moved on and off the display screen dependent on the comparative
performance of the participant and the pace boat’s speed.

Interobserver Agreement (IOA)
The pace boat speed was entered into the rowing machine’s on-board
display screen by either the participant or an experimenter. In cases where the
participant entered the pace boat speed information themselves, an experimenter
confirmed that it was entered correctly. To ensure that data from the display screen
were recorded correctly, the experimenter cross-checked the data sheets from both
coxswains for discrepancies and returned to the respective athlete’s rowing
machine’s display screen to resolve any inconsistencies. The cross-checking of data
sheets by the experimenter was completed 100% of sessions when data were
colleced.

Experimental Design
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A multiple-baseline-across-groups designed was used to evaluate the effects
of the visual feedback (pace boat) intervention. The two groups were formed on the
basis of how much experience the participants had using the rowing machine when
the experiment began. Participants with 16 or more months of rowing machine
experience were labeled “varsity” and participants with less than 16 months of
experience using the rowing machine were labeled “novice.” The criteria of more
or less than 16 months of rowing experience for participant labels of varsity or
novice were influenced by USRowing’s rules on the matter; athletes must be
labeled “varsity” 12 months after their first regatta (USRowing, 2016). The athletes
at this site train for some months before actually competing, leading to about 16
months of experience as novices using the rowing machine before becoming
varsity. The varsity group consisted of 7 participants and the novice group
consisted of 8 participants. During baseline and intervention conditions, any time a
participant used the rowing machine they were exposed to the condition (baseline
or intervention) for that respective phase, whether the workout on the rowing
machine was the 5k workout or a different exercise. During both conditions, the
team practiced five days each week from Tuesday through Saturday. The
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participants used the rowing machine at least two times each week but no more
than three, including the day the participants engaged in the 5k. Participants
completed the 5k workout at the beginning of every training week on Tuesdays,
after two days of no scheduled practice and before engaging in any other strenuous
exercise that day at practice. Though all participant performance using the rowing
machine was recorded by the experimenters, only performance data from the 5ks
was used for the purposes of this experiment. Athlete performance on the 5k is a
common metric at this site, particularly during the Fall rowing season (August –
November), used to determine the competitive placement of the athletes among the
boats on the team. The other instances when participants used the rowing machine
included a variation of distances and workouts that are not relevant to the nature of
this experiment and therefore the data from those instances were not included in the
analysis of data in this paper. Though the rowing machine also displays
performance data in the form of watts and calories per hour, data from this study on
participant performance were collected and described in terms of ‘splits’ (average
time per 500 m). The experimenters chose to collect participant performance on the
rowing machine in terms of splits because it is the most commonly use metric of
performance used at this site.

24

The experiment lasted 16 weeks. The varsity participants had 16
opportunities to complete the 5k workout where the novice participants only had
15. The first time the team completed the 5k, novices were instructed to simply
watch the varsity so that the novice athletes could see what it looked like. Varsity
participants were in baseline conditions for the first six weeks of the experiment
before being exposed to the visual feedback intervention for the remaining ten
weeks. Novice athletes were in baseline conditions for the first eleven weeks of the
experiment before being exposed to the visual feedback intervention for the
remaining five weeks. It was decided that the varsity would be exposed to the
intervention first because they have had more exposure to baseline conditions as
compared to the novice athletes.

Procedures
Baseline
During baseline, participants used the rowing machine’s built-in
display screen as it is commonly used at this site. Thus, the display screen showed
textual performance feedback throughout the exercise. The format of the textual
performance feedback typically included information on strokes-per-minute, m
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rowed, current 500-m speed, total time rowed, and average 500-m speed (see
Figure 1). Except for the first 5k of the experiment, each participant was given an
individualized goal every time they engaged in the 5k exercise, as this is standard
practice at the site. No goal was given for the first 5k exercise because participants
had not engaged in enough rowing exercises for the experimenter to give an
accurate goal. For the first 5k, both varsity and novice participants were simply
instructed to complete the 5k exercise as quickly as possible. For each subsequent
5k exercise, participants were given a goal to improve, by any amount, upon their
fastest average 500-m split to-date. Participants could compare their given goal
with the average 500-m split information on the display screen in baseline.
Knowing that participants would only have five days of exercising to get stronger
before completing this exercise every week, it was expected that any improvement
in performance week-to-week would be marginal. After the first week, both varsity
and novice athletes completed the 5k at the same time.

Visual Feedback
Varsity participants began intervention on the seventh week of the
experiment and remained in intervention for the remaining ten weeks. Intervention
consisted of visually displaying participant performance feedback during the 5k
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exercise with the pace boat feature of the rowing machine’s display screen. The
pace boat display setting normally shows textual feedback about user performance,
in addition to visual feedback in the form of two graphics of boats, but, for the sake
of this experiment, the text was covered up with dark tape so that participants could
only see the two boat graphics on the display screen (see Figure 2). Novice
participants were exposed to the intervention for five consecutive weeks until the
end of the experiment. In the pace boat setting of the display screen, the pace boat
graphic with no label moved across the screen at the current speed of the user while
the other pace boat graphic, labeled “PaceBoat”, moved across the screen at the
speed set for it before the participants began the exercise (see Figure 2). For each
participant, the pace boat was set to their respective fastest average 500-m split todate and participants were instructed to beat their pace boat opponent by any
amount. Unlike the textual performance feedback provided by the display screen in
baseline, the visual performance feedback in intervention did not provide the
participant any indication of how far they had rowed or how long they had been
rowing. In intervention, the pace boat display screen would freeze to indicate to the
participant that they had completed the 5k.

Procedural Integrity
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To ensure the baseline and intervention conditions were
implemented correctly, the primary investigator was present for every session of
the experiment. Once varsity participants began intervention, the novice athletes
were instructed to set up their rowing machines several feet away from the varsity
athletes so that varsity could not glance at novice display screens that were still set
to display performance feedback in baseline condition format. Once novice
participants began intervention, on the twelfth week of the experiment, the
separation of varsity and novice rowing machines was no longer necessary.

Chapter 3
Results
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The data collected on 5k performance were graphed both graphically and
statistically in this study. Both mean and median performance data were graphed to
account for the impact on trend and variability of participant absences during the
experiment. 5k performance data were analyzed graphically in three ways: (a) a
multiple-baseline-across-groups graph was created to analyze and compare the
mean and median performance of varsity athletes and novice athletes in baseline
and intervention, (b) every participant’s individual 5k data were separated into five
1k intervals; the fastest, slowest, and average 5k splits of the 1k intervals was
graphed to highlight how pace variability changed throughout the experiment, (c)
every participant’s individual 1k interval data were graphed as separate data series
on a graph to show how the individual 1k interval performance varied throughout
the experiment. In order to determine the statistical significance of the change
visible in the graphs, the 5k data were analyzed with a paired-samples t-test. The
paired-samples t-test was conducted on split performance change and the change in
performance variability between baseline and intervention. A p-value less than .050
was considered statistically significant.

Graphical Analysis
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Graphical analysis of team performance (see Figure 4) shows a continued
performance improvement of mean and median performance in baseline by both
groups, with noticeable variability in baseline performance by the novice group.
Average median varsity 5k performance in baseline was 2:17 and 2:14 in
intervention. Average median novice 5k performance was 2:24 in baseline and 2:20
in intervention. In the sport of rowing, a smaller split is better. As improvements of
seconds can be a determinant of winning vs. losing in the sport of rowing, this
improvement can reflect a level of social significance for athletes. With the
implementation of the intervention, both groups showed an initial decrease in
performance, followed by a return to the trend continued performance
improvement. The varsity group median performance improved week-by-week in
baseline, shown by the upward trend in the baseline data series. Varsity median
performance in intervention returned to the fastest recorded performance in
baseline on the fourth week of intervention and improved upon it on the sixth week
of intervention. Novice median performance was variable in baseline with a
marked upward trend. Following an initial marked decrease in performance with
the implementation of the intervention, novice median performance continued to

30

improve though only ever returning to the fastest recorded performance in baseline
on the fourth week of intervention but never improving upon it. Mean performance
data of both groups tracked the same trend patterns median performance data, with
slightly higher variability than median performance data.

General Performance Statistical Analysis
It was expected that participant performance would improve from baseline
to intervention as participants continued to improve their fitness through continued
physical activity however, physical fitness improvement is not necessarily
guaranteed. To determine whether the average change in 5k performance was
statistically significant or not, the 5k split averages from baseline and intervention
of all participants combined, the varsity group, and the novice group, were
compared using a paired-samples t-test. The results showed a statistically
significant change for all participants combined, the varsity group, and the novice
groups (see Table 1). The statistically significant results for all participants point to
the high likelihood of a causal relationship between the intervention and the mean
change in average 5k performance.
After analyzing the graphs pertaining to participant averages and the range
of performance (see Appendix D) the experimenters recognized an upward
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(improving) trend in many participants’ fastest 1k splits with the exposure to
intervention. To measure the statistical significance of this recognized change, the
mean average variability of fastest 1ks within 1k intervals between baseline and
intervention were compared with a paired-samples t-test. These data highlight
whether the change in participants’ fastest 1ks between the baseline and
intervention conditions was a result of the intervention or not. The results showed a
statistically significant difference in performance between baseline and intervention
for all participants and the varsity group, but did not show a significant change for
the novice group (see Table 2). The statistically significant results for all
participants combined and the varsity group suggests the mean change in fastest
1ks was likely influenced by the intervention. The statistically insignificant result
for the novice group suggests that the improvement in the fastest 1k performances
from baseline to intervention was likely not due to the effects of the intervention.
To measure the significance of the performance change within 1k intervals
between baseline and intervention, the average of the 1k splits in each interval from
baseline and intervention were compared using a paired-samples t-test. The
following data show whether the change in average splits within 1k intervals
between baseline and intervention are likely a result of intervention influence or
not:
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The data from the first 1k interval show a significant difference in the
performance change for all participants, the varsity group, and the novice group
(see Table 3). These data indicate that the change in performance for all groups is
likely due to the influence of the intervention.
The data from the second 1k interval show a significant difference in the
performance change for all participants, the varsity group, and the novice group
(see Table 4). These data indicate that the change in performance for all groups is
likely due to the influence of the intervention.
The data from the third 1k interval show a significant difference in the
performance change for all participants, the varsity group, and the novice group
(see Table 5). These data indicate that the change in performance for all groups is
likely due to the influence of the intervention.
The data from the fourth 1k interval show a significant difference in the
performance change for all participants, the varsity group, and the novice group
(see Table 6). These data indicate that the change in performance for all groups is
likely due to the influence of the intervention.
The data from the fifth 1k interval show a significant difference in the
performance change for all participants, the varsity group, and the novice group
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(see Table 7). These data indicate that the change in performance for all groups is
likely due to the influence of the intervention.

Variability Statistical Analysis
Although graphical analysis using visual interpretations of the data are often
considered to be sufficient to recognize changes in the pacing of the groups
statistical analysis of the data gives further insight into the statistical significance of
those changes. Statistically significant results would indicate that the intervention
was likely responsible for the change in pacing of participants in intervention.
Mean variability of performance within 5ks was measured by comparing the five
1ks within 5ks from baseline to those in intervention, in addition to comparing the
1ks in each interval (first 1k interval, second 1k interval, etc.) between baseline and
intervention. Mean variability is a way to measure the participants’ pacing trends
and the rate of improvement or worsening. Less variable performance across 1k
intervals within a 5k is preferred as it indicates a more even pace throughout the 5k.
A comparison of the mean averages of variation of 1ks within 5ks between
baseline and intervention highlights how pacing within 5ks changed from baseline
to intervention. This was measured by calculating the standard deviation of the 1k
splits of each 5k and then averaging these numbers, separately, within baseline and
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intervention. The resulting two averages were then compared with a paired-samples
t-test. A decrease in variability and a statistically significant result would be ideal,
as this would point to an effective intervention in improving pacing. There was not
a significant difference in performance for all participants, the varsity group, and
the novice group (see Table 8). The statistically insignificant results suggest that
the change in pacing for all participants and the separate groups was not due to the
effects of the intervention.
Mean average variability between 1k intervals across conditions was
calculated as an additional measure of performance consistency between baseline
and intervention. This measurement provides information on the performance
trends in the different parts of the 5k. Ideally, mean performance variability
between 1k intervals across conditions would increase at a statistically significant
level with exposure to the intervention. An increase would indicate an increased
rate of performance improvement in all intervals of the 5ks. To measure mean
performance variability within 1k intervals, the standard deviation of each interval
in the separate conditions was calculated and averaged together with the intervals
from the respective conditions. The two mean standard deviations, one from each
condition, were then compared using a paired-samples t-test. The results showed a
significant difference between performance in baseline and intervention for all
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participants combined. There was not a significant difference in performance by the
varsity group, but there was a significant difference in performance by the novice
group (see Table 9). These results suggest that the change in mean variability
within 1k intervals between conditions was a result of the intervention for all
participants and the novice group separately but that the change in the varsity
group’s performance was likely not due to effects from the intervention.
The same measurement of mean performance variability within all 1k
intervals between baseline and intervention was calculated to determine the
statistical significance of performance change in each 1k interval from baseline
with its respective counterpart 1k interval in intervention. In this case, a statistically
significant change in variability would indicate a statistically significant change in
the rate of improvement or worsening of general speed performance in each 1k
interval from baseline to intervention. To measure mean performance variability
within individual 1k intervals between baseline and intervention, the standard
deviation of the separate 1k intervals (first 1k, second 1k, etc.) in baseline were
compared to that same 1k interval in intervention using a paired-samples t-test.
This measurement shows how 5k performance in that 1k interval changed between
conditions. The statistical data from each interval are outlined, below.
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The results from the first 1k interval show no significant difference for all
participants combined and the varsity group but do show a significant difference in
performance variability of the novice group between baseline and intervention (see
Table 10). These results indicate a high likelihood of the intervention having a
causal relationship with the change in performance from baseline to intervention in
the first 1k for the novice group, but not for the change in performance for all
participants and the varsity group.
Results from the second 1k interval show a significant difference in all
participants combined and the novice group but no significant difference in the
varsity group (see Table 11). These results indicate a high likelihood of the
intervention being responsible for the change in performance for all participants
and the novice group separately. The change in varsity group’s performance from
baseline to intervention is likely not a result of exposure to the intervention.
Results from the third 1k interval show a significant difference in all
participants combined and novice group but no significant difference in the varsity
group (see Table 12). These results indicate a high likelihood of the intervention
being responsible for the change in performance for all participants and the novice
group separately. The change in the varsity group’s performance from baseline to
intervention is likely not a result of exposure to the intervention.
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Results from the fourth 1k interval show a significant difference in all
participants combined and the novice group, but no significant difference in the
varsity group (see Table 13). These results indicate a high likelihood of the
intervention being responsible for the change in performance for all participants
and the novice group separately. The change in the varsity group’s performance
from baseline to intervention is likely not a result of exposure to the intervention.
Results from the fifth 1k interval show no significant difference for any of
the groups (see Table 14). These results indicate a low likelihood that the
intervention is responsible for the change in fifth 1k interval performance for any of
the participant groups.

IOA
There was only one instance, for a single rower, where the data sheets of
both coxswains did not match each other. The experimenter was able to refer to the
display screen of that rower’s rowing machine to confirm the correct performance
data information. There were 102 opportunities for data collection for the varsity
group (16 sessions x 7 athletes – 10 total absences) and 104 opportunities for data
collection for the novice group (15 sessions x 8 athletes – 16 total absences).
Therefore, IOA = 99.5% ((205 agreements / (205 agreements + 1 disagreement)) x
100).

Discussion
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The findings of the present study point to the potential benefits and social
significance visual performance feedback on rowers using the Concept2 rowing
machine during 5k exercises. Experimenters used a combination of graphical and
statistical analysis to determine the effects of the pace boat feature as a form of
immediate visual and textual feedback. The applied significance of results from this
study potentially suggest a benefit of the intervention, especially for novice rowers,
to improve their performance during training. This research indicates potential
implications and future directions for using concurrent visual and textual feedback
with other rowing teams, but also in other sports.

Varsity Rowers
The initial decrease in performance by the varsity group with exposure to
the intervention is interesting to note (see Figure 4). The athletes were accustomed
to a large amount of data displayed during their rowing workouts and removing
these potential prompts and reinforcers was predicted to impact performance Thus,
experimenters expected a period of adjustment for participants with introduction to
the intervention, given the novelty of the intervention stimulus to participants. In
addition, because data were collected each successive week with continuous

39

strength training, it is unlikely that actual strength and fitness decreased or that the
intervention caused participants to become weaker. Instead, the change in
performance ma be attributed to participants adjusting to the novel stimulus. This
finding suggests that when athletes cannot see textual information about their
performance they are not performing their fastest. The statistically significant
results on the change in average 5k performance from baseline to intervention
suggests that the improvement seen in Figure 4 is likely influenced by the
intervention (Table 1). The statistically significant result in the mean average
variability of fastest 1ks within 1k intervals by the varsity group, coupled with the
analysis of the Average and Range of Performance graphs of the individuals in the
varsity group (Appendix D) shows that participants responded positively to the
intervention (Table 2). These results support the results from Corbett et al., (2012)
where participants performed better on a 2k cycling exercise with exposure to a
virtual opponent. Complementing the results above, the statistically significant
results of the change in the mean performance of all 1k intervals from baseline to
intervention for both groups suggest that the intervention affects performance
during all parts of the 5k (Tables 3-7). The contrast, in Figure 4, in rate of
improvement between the varsity and novice group is explained by the Principle of
Diminished Returns, as described by Manitoba (2004). Because the varsity group
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had more experience engaging in 5ks, perhaps they demonstrated less room for
improvement.
The instability of the performance data from varsity members during
intervention suggests that they may not perform consistently (pacing) during 5ks
without continuous textual feedback about their performance (Appendix E). The
statistically insignificant results from the measurement of mean average variability
between 1k intervals (Table 9) and from the measurement of mean variability
between individual intervals (Tables 10-14) support the results from Table 8. Given
that textual feedback information is not always available on the water, and not
practically available for every stroke like it is when using a rowing machine, some
rowers with 16 months or more of experience of rowing may not be performing
optimally any time they are on the water, while others may not be greatly affected.

Novice Rowers
The initial decrease in performance by the novice group with exposure to
intervention was much more dramatic than the decrease by the varsity group (see
Figure 4). Similar to the expectations for the varsity group, the experimenters
hypothesized that the novice group would exhibit a decrease in performance and to
a greater extent than the varsity group. The hypothesized greater negative reaction
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to exposure to intervention was based on the fact that the novice group have
considerably less experience using a rowing machine and therefore would have a
more elastic response to any changes to the rowing machine environment. Indeed,
though the novice group performance decreased considerably at first, the novice
group began improving upon performance on the second 5k exercise in intervention
where the varsity group did not begin showing improvement until the fourth 5k of
intervention. The statistically significant results on the mean average change in
participant 5k performance suggest that the marked drop in 5k performance by
novice is likely a result of the intervention (Table 1). The statistically insignificant
result in the mean average variability of fastest 1ks within 1k intervals by the
novice group, coupled with the analysis of the Average and Range of Performance
graphs of the individuals in the varsity group (Appendix D) shows that the rate of
change of the fastest 1ks was not a result of the intervention (Table 2). The novice
group’s fastest 1k performances did not change significantly from a graphical or
statistical analysis point of view, with exposure to the intervention. The Individual
1ks Performance graphs of novice participants show the change in individual 1k
performance (Appendix E). For many novice participants, exposure to the
intervention appears to have negatively affected performance in the third, fourth,
and fifth 1k intervals where only three novice participants improved in the first two
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1k intervals (Appendix E). The statistically significant results of the measurement
of mean change in individual 1k performance suggest the changes seen in these
graphs is likely a result of the intervention (Tables 3-7). The instability of the
performance data from novice members during intervention suggests that they may
not perform consistently (pacing) during 5ks without continuous textual feedback
about their performance (Appendix D and E). The statistically significant results
show that the intervention was likely responsible for the increase in variability in
performance for the first through fourth 1k intervals but not for the change in the
fifth 1k interval.
These data suggest that rowers with 16 months or less of experience rowing
may be performing considerably slower, and with increased inconsistency (pacing)
on the water than when using a rowing machine. Considering the improving trend
in the novice group’s performance and the results of the varsity group, it is
hypothesized that the novice group would have improved upon baseline levels of
performance on the sixth or seventh week of intervention, had there been time to
conduct more sessions.
It is important to note that both groups of participants adjusted to the
intervention relatively quickly. With this in mind, a hypothesis for how both varsity
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and novice athletes react to performance feedback stimuli on the water can be
made. When rowers are in a boat on the water with no other boats, it is likely that
the rowers are not performing their best. Should a boat of athletes of similar ability
row alongside with them, whether in a race or in practice, results from this study
point to the greater likelihood of the athletes performing at their potential.

Limitations
A few limitations of this study include the socially-relevant restriction of
collecting data more than once per week for the 5k, and the amount of time
available to experimenters to collect data. The length of the team’s fall season only
allowed for a maximum of 16 opportunities to collect data. Another limitation of
the study was attendance by participants to data-collection sessions. Every
participant was included in the study missed at least one day of practie, with two
missing three opportunities for data collection. This limitation potentially posed a
negative impact on the final results, relative to mean and median group
measurements of performance and variability. Additionally, experimenters were
not able to control for whether participants engaged in exercises on a rowing
machine outside of scheduled team practices or the experiment setting.

Future research
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One opportunity for future research is to determine if providing this type of
visual feedback on performance to rowers on a rowing machine translates to
improvement on the water in practice and competition. Though expensive, there are
devices that can be attached to a boat to measure individual rower performance.
Future research should also choose an exercise that can be assessed more than once
per week by participants to maximize opportunities for measurement. In addition,
future research should continue to systematically manipulate the conditions in
which rowers compete, to see what arrangement of stimuli results in optimal
performance.
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Appendix A
Concept2 Rowing Machine Display Screen
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.

Figure 1: Example of Concept II rowing machine “All Data” display setting, as seen by
participants in baseline. (“Air vs. Magnetic Rowing Machine: What is the Difference?”,
2017)
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Figure 2: The conventional pace boat display screen versus the pace boat display as seen
by participants in intervention. (“Air vs. Magnetic Rowing Machine: What is the
Difference?”, 2017)

Appendix B
Data Collection
Figure 3: Example Data Collection Sheet

59

Appendix C
Team Performance Graph
Figure 4: Team Median and Mean Performance Across Weeks
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Appendix D
Individual Average Performance Graphs
(Participants 1-7 are Varsity and 8-15 are Novice)
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Appendix E
Individual Split Comparison Graphs
(Participants 1-7 are Varsity and 8-15 are Novice)
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Appendix F
Statistical Data
Table 1: Mean Average Change in Participant 5k Performance

All
Participants
Baseline
Intervention

M
143.00
139.58

SD
2.14
2.06

Varsity
Baseline
Intervention

M
138.91
135.62

SD
6.06
5.44

Novice
Baseline
Intervention

M
146.58
143.05

SD
8.65
8.57

MD

SDD

t

p-value

3.42

1.86

7.099

.000

MD

SDD

t

p-value

3.28

1.55

5.579

.001

MD

SDD

t

p-value

3.53

2.20

4.544

.003

Table 2: Mean Average Variability of Fastest 1ks Within 1k Intervals

All
Participants
Baseline
Intervention

M
138.06
136.24

SD
6.73
1.97

Varsity
Baseline
Intervention

M
135.47
131.90

SD
5.60
5.38

Novice
Baseline
Intervention

M
140.33
140.03

SD
7.15
7.51

MD

SDD

t

p-value

1.82

2.10

3.359

.005

MD

SDD

t

p-value

3.57

1.11

8.455

.000

MD

SDD

t

p-value

.30

1.44

.587

.576
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Table 3: Mean First 1k Interval Performance

All
Participants
Baseline
Intervention

M
139.45
135.24

SD
6.38
7.53

Varsity
Baseline
Intervention

M
136.28
131.87

SD
6.49
6.76

Novice
Baseline
Intervention

M
142.22
138.18

SD
5.14
7.27

MD

SDD

t

p-value

4.21

3.06

5.318

.000

MD

SDD

t

p-value

4.41

2.40

4.857

.003

MD

SDD

t

p-value

4.03

3.71

3.074

.018

Table 4: Mean Second 1k Interval Performance

All
Participants
Baseline
Intervention

M
143.35
138.74

SD
8.37
8.09

Varsity
Baseline
Intervention

M
138.68
135.27

SD
6.54
5.43

Novice
Baseline
Intervention

M
145.56
141.78

SD
8.25
9.12

MD

SDD

t

p-value

3.60

2.14

6.525

.000

MD

SDD

t

p-value

3.41

2.13

4.223

.006

MD

SDD

t

p-value

3.77

2.27

4.693

.002
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Table 5: Mean Third 1k Interval Performance

All
Participants
Baseline
Intervention

M
144.68
140.86

SD
9.41
8.63

Varsity
Baseline
Intervention

M
140.57
136.61

SD
6.21
5.22

Novice
Baseline
Intervention

M
148.28
144.57

SD
10.59
9.58

MD

SDD

t

p-value

3.82

2.48

5.953

.000

MD

SDD

t

p-value

3.95

2.29

4.571

.004

MD

SDD

t

p-value

3.71

2.79

3.753

.007

Table 6: Mean Fourth 1k Interval Performance

All
Participants
Baseline
Intervention

M
146.34
142.94

SD
10.69
9.86

Varsity
Baseline
Intervention

M
141.21
137.75

SD
6.22
5.50

Novice
Baseline
Intervention

M
150.82
147.47

SD
12.09
10.87

MD

SDD

t

p-value

3.40

2.44

5.382

.000

MD

SDD

t

p-value

3.45

1.59

5.728

.001

MD

SDD

t

p-value

3.35

3.12

3.00

.019
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Table 7: Mean Fifth 1k Interval Performance

All
Participants
Baseline
Intervention

M
141.95
140.03

SD
7.90
6.92

Varsity
Baseline
Intervention

M
137.75
136.52

SD
5.97
5.27

Novice
Baseline
Intervention

M
145.62
173.10

SD
7.82
7.00

MD

SDD

t

p-value

1.92

2.26

3.288

.005

MD

SDD

t

p-value

1.22

1.25

2.589

.041

MD

SDD

t

p-value

2.52

2.82

2.528

.039

Table 8: Mean Average Variability of 1ks Within 5ks

All
Participants
Baseline
Intervention

M
3.53
3.66

SD
2.34
1.71

Varsity
Baseline
Intervention

M
2.91
3.11

SD
1.17
1.15

Novice
Baseline
Intervention

M
4.07
4.15

SD
3.02
2.03

MD

SDD

t

p-value

-.13

1.61

.319

.754

MD

SDD

t

p-value

-.20

1.52

-.348

.740

MD

SDD

t

p-value

-.07

1.80

-.118

.910
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Table 9: Mean Average Variability Between 1k Intervals

All
Participants
Baseline
Intervention

M
3.88
2.64

SD
1.51
.90

Varsity
Baseline
Intervention

M
2.85
2.61

Novice
Baseline
Intervention

M
4.78
2.67

MD

SDD

t

p-value

1.24

1.39

3.466

.004

SD
1.07
.56

MD

SDD

t

p-value

.24

.81

.789

.460

SD
1.27
1.17

MD

SDD

t

p-value

2.11

1.18

5.037

.002

Table 10: Mean Variability Between First 1k Intervals

All
Participants
Baseline
Intervention

M
3.04
2.58

SD
1.59
1.23

MD

SDD

t

p-value

.46

2.09

.851

.409

Varsity
Baseline
Intervention

M
2.10
3.17

SD
.97
1.17

MD

SDD

t

p-value

-1.07

1.64

-1.722

.136

Novice
Baseline
Intervention

M
3.86
2.06

SD
1.62
1.09

MD

SDD

t

p-value

1.80

1.42

3.562

.009
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Table 11: Mean Variability Between Second 1k Intervals

All
Participants
Baseline
Intervention

M
3.06
1.78

SD
1.71
1.12

Varsity
Baseline
Intervention

M
2.11
1.82

SD
1.11
.55

Novice
Baseline
Intervention

M
3.88
1.73

SD
1.78
1.50

MD

SDD

t

p-value

1.28

1.71

2.883

.012

MD

SDD

t

p-value

.285

.81

.927

.390

MD

SDD

t

p-value

2.15

1.86

3.25

.014

Table 12: Mean Variability Between Third 1k Intervals

All
Participants
Baseline
Intervention

M
3.95
2.25

SD
1.67
1.21

MD

SDD

t

p-value

1. 7

1.52

4.328

.001

Varsity
Baseline
Intervention

M
2.94
2.01

SD
1.38
.76

MD

SDD

t

p-value

.928

1.22

2.011

.091

Novice
Baseline
Intervention

M
4.83
2.46

SD
1.42
1.53

MD

SDD

t

p-value

2.37

1.49

5.501

.003
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Table 13: Mean Variability Between Fourth 1k Intervals

All
Participants
Baseline
Intervention

M
5.12
3.01

SD
2.42
2.06

Varsity
Baseline
Intervention

M
3.85
2.62

SD
2.09
.99

Novice
Baseline
Intervention

M
6.22
3.35

SD
2.23
2.71

MD

SDD

t

p-value

2.10

1.91

4.254

.001

MD

SDD

t

p-value

1.22

2.08

1.559

.170

MD

SDD

t

p-value

2.87

1.47

5.501

.001

Table 14: Mean Variability Between Fifth 1k Intervals

All
Participants
Baseline
Intervention

M
4.24
3.60

SD
1.68
1.07

MD

SDD

t

p-value

.64

1.87

1.323

.207

Varsity
Baseline
Intervention

M
3.27
3.45

SD
1.40
.78

MD

SDD

t

p-value

-.18

1.69

-.290

.781

Novice
Baseline
Intervention

M
5.10
3.73

SD
1.47
1.31

MD

SDD

t

p-value

1.36

1.81

2.126

.071

